S
tature has been the subject of quantitative genetic analysis since the nineteenth century. A century ago it was proposed that height exhibits multifactorial inheritance, representing what are now called polygenic traits, and today, it is recognized that height is highly heritable. In fact, in modern western societies only 20% of the variation in height is attributable to environmental factors, although the other 80% is genetically determined. The role of the growth hormone (GH) and IGF (IGF) in regulating mammalian height has been widely appreciated and commonly termed the "somatomedin hypothesis." Furthermore, multiple mutations in the genes in the GH-IGF axis cause rare syndromes with extreme stature abnormalities (1) .
During the last two years genome wide association (GWA) has been used to identify genetic factors that influence health and disease. GWAs use extensive arrays of single nucleotide polymorphisms (SNPs) that can identify common variations across the human genome and are designed to identify genetic associations with observable traits. Such studies involve genotyping thousands of cases and controls at over 10 5 SNPs markers spread throughout the genome and then looking for associations between the genotypes at each locus and disease or condition status. Associations in large population cohorts facilitate the identification of risk alleles, which allows for subsequent characterization of the relevant variations in the human genome.
Recently, several landmark studies using GWA have demonstrated novel genes involved in the risk for a number of diseases and conditions. Interestingly, one of the first articles published using the GWA technique, examined the size of dogs. In this study, an examination of 463 domestic dogs identified the IGF-1 promotor region within chromosome 15 as the most critical quantitative trait locus determining size in dogs (2) . This result validated the concept that the IGF system is critical for growth in mammals, which had been previously shown in mouse knockouts and human mutational analysis Thus, it came as a complete surprise to everyone in the field when SNPs, associated with height were reported in the journal Nature Genetics in May 2008 (3) (4) (5) . Three separate studies found multiple loci that correlated with height at high levels of statistical confidence and identified over 50 polymorphic genes that determine height variability within the normal population, none of which has been previously linked to mammalian growth. Only a few of these SNPs were identified in all three studies and one of these was the rather obscure gene, High-Mobility-Group-A2 (HMGA2). The common variation within HMGA2, a DNA-binding protein sheds some light on this paradigm because the mouse knockout is large and a human mutation is associated with overgrowth as well as cancer. Although the two alleles of the polymorphism of HMGA2 and other identified height-modulating genes are associated with a difference in height of only about 0.5 cm per allele, the effect is additive, which means that the right combination of alleles can result in a substantial height difference between individuals. Although the identification of SNPs associated with height was surprising, the bigger surprise was that none of the "usual suspects," i.e., GH-IGF variations, were identified.
It is possible that GH-IGF variations are only important in rare severe defects of short stature, but this is unlikely, given the observations of variations in this biochemical pathway in the normal population accounting for height variability. Much has been written about the potential for false positives with the GWA technique and in spite of the stringent statistical screens, only validation in independent studies will be fully convincing. However, the possibility of false negatives is also important here because it is possible that the current arrays being used for GWA are missing important genes because of inadequate SNP markers in critical chromosomal regions.
Regardless of the controversy, these studies demonstrate the enormous potential of genomic technology to unravel the role of multiple genes and biologic pathways not previously known to regulate height and/or height-related syndromes. These GWA findings will undoubtedly spike a new era in research related to human growth and its disorders, and could lead to additional discoveries that may improve the development of new diagnostics and better treatments. -Maria Isabel Hernández and Pinchas Cohen 
